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ABSTRACT

Six pairs of stiffened cylinders, machined from thick tubes and identical

except for the size and spacing of the frames at the ends, were subjected to

external hydrostatic pressure to establish the adequacy of a design procedure

for the end bays. All the cylinders failed by axisymmetric shell yielding, four

in the end bay, four in the first full-length bay, and four in the second full-length

bay. For each pair of identical uylinders, the locations of damage at failure' .n

were identical and the collapse pressures differed by less than 1 percent when

adjusted to a common yield strength. Test results indicated that with the end

conditions established by the end-bay theory of TMB Report 1065, the collapse

pressure could be increased as much as 5 percent and failure could be shifted

away from the ends of the cylinder.

INTRODUCTION

In research with stiffened cylindrical shells, failures-in the axisymmetricyield mode

have invariably occurred in bays adjacent to holding bulkheads at lower pressures than those

predicted by "equal strength bay" analysis.

In an effort to counteract the weakening influences of end effects, the David Taylor

Model Basin developed th design procedure In Reference I' to obtain an optimum design by

which all stiffeners defloct the same amount at failure and no bay is weakened by the influence

of the bulkheads.
To validate the adequacy of the design .. v,,dure a series of model tests was initiated -

to investigate six different end conditions. The general objectives wore as follows:

1. To establish the adequacy of the optimum design procedure by observations of collapse

pressurest

2. To verify the strain distribution in the end bays as predicted by the optimum design

procedure by measurement of strains.

In order that results might serve to verify the established objectives, parameters

affecting the collapse pressuro and fabrication of those models woro carefully controlled.

The models, their fabricution and instrumentation, and the model Wsts are described in thl.u

report. In addition, oxr,irimontal strains, deflections, a, collapse lWSsurol are compared

with theorctical values.

L.O.
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DESCRIPTION OF MODELS

The models investigated wore designed to study the tollowing ond conditions:

Case I - Investigation of a design where all frames were of equal area and bays were of
equal length.

Case II - Same as Case 1, -except that the end bays were shortened by 33 percent in accordarice
* with earlier practice at the Model Basin.

* Case III - Same as Case 1, except that the end bays wero lengthened by 11 percont.

Case IV - The end bays and frames were designed with the maxitru IA icipal stress- criterioU
* applicable at the bulkheads, but neglecting the beam-column effect re'..ulting from the loads on

the ends of the cylinder. End bays were 11 percent longer und end !rsmes were azbout 0O
percent larger than typical ones.

U..
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Case V - Investigation of a design in which the beam-column effect was considered. End

bays and frames were designed for the same conditions of Case IV. End bays were about 2

percent longer and end frames were 25 percent larger than typical ones.

Case VI - Same as Case V, except that the Hlencky-Von Mises yield criterion rather than the

maximum principal stress criterion was used as a basis for yielding at the bulkheads.1 End
bays were 8 percent longer and end frames were 23 percent larger than typicals.

To substantiate each collapse pressure, two identical models were machined from a

forged steel gun-barrel liner for each of the six different end conditions. The dimensions of

a liner and the general location in the liner for identical models are shown in Figure 1. The

sections of the liner denoted A, B, and C are regions from which specimens were obtained
to deternine the yield strength along the length of a liner. The specimens were removed from

locations in the liner such that the compressive yield strengths obtained represented the
actual yield strengths in the vicinity of the shell of the models. This minimized errors due

to variation of yield strength across the thickness ot the liner. An average value of yield
* strength was selected for each model (e.g., for Model EB-1 the average yield strength for the

transverse and circumferential directions obtained from Section A and Section B of Figure I
was adopted as the compressive yield strength).

Model geometries and details of construction are availablo in Figure 2and in References

2, 8, and 4; in addition, the yield strengths for the different oases considered are listed In.
Table . However, the following were hold constant for all models:

0 4ymbol Definition Dimensions
2B Diameter to the median surface of the shell 16.836 In.

A Shell thickness 0.0858 in.
L, Conter-to-center distance between adjacent frames, ).A

exclusive of the end bays 1.866 in. F
d Overall frame depth 0.U319 In.. I

,A Cross-sectional frame area, exclusive of the end
frames 0.0511 in. 2

A Youngs' modulus of 80,000,000 psi and a Polsson'a ratio of 0.3 wore assumed. '.

Based on the avotago compressive yield strength in the twelve models,

Average A (Thinness factor) . w/(L/22 (/R 3  17i 0.894

where L is the unsupportod length of model

R Is Young's modulus, and

vy is the avoral,- compressive yield strength in the shell for the twelve models.

3



TABLE 1

Yield Stuengths ot Material
. The average yield strength of all models was 66,82S pal.

Yield Strength of
Shell M.aterial

Case Model Average
Vy 0 for Identical

psi Models
psi

I EU-5 68,830 £,1
EB-6 67,000

11 EB-3 65,B00 65,900
E13-4 66,000

III E B-7 £8,670 68.730 5
EB-8 68,790

IV EO-1 66,400 66,5154
EB-2 66,750

V E B-9 66,750 67,000
EB-10 67,250 Q

VI EB-11 64,830 64,830
EB-12 64,830

CASE I CASE 11 CASE III CASE IV CASE V CASE Vi

Usl oo~ 0.311 0.011 0.3"s 0.351 o.o

-T.04 C.0 14 0.414 4 0.044. 0.011 ? 0.07 ss

11404*A /All 1.0 1.3 7 -4 3.20$ 1. 20 To-
tstlte@LI 1. 1 1.0 4.147 1.101 LIO 1 1,01 1.03

vuA otpcaostl l s~ a aubtnat~h

7' f/t 'f"tio of vlei Itatth Ll It tall kiy, to lswitiIO Iqi 1,___ __

/0 typical bay.

* 10

'~~ Figuro 2 -Goontoeric ChnvtIw~istics of End-Day tatodols 7 *s
I- I / 0
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End Bay Meodel

Figure 8 Typical End-Bay Model

After each model had been machined, ,

'measurements were taken in the laboratory to
verity that the model dimensions, i.e., frame

dime nsions, frame spacing , shell thidkness, tI

toptemel wer strossrllovocl at 10d00a

for one hour and then allowed to air cool. This final stop in the fabrication of each mmoei wa"
to obtain stress-free modols. On the assumption that mac.hining strsses were the 41me for
model and test speomens, the latter were stress-relieved along with the atodels to Wit. the
clos4est approximation to the compressive yield strength or each model.

The. general appoarance of a, typical end-bay model is shown in Figure S. Each hiodel
had five full-)engtLh bays, six T-shaped exterior frames, and two comparatively heavy roctan.
gular end stiffeners, each was machined fro.n i~tiktbsTeed.o h odels wece

sealed by heavy circular bulkheads shown schematically in Figure 4.

INSTRUMEN4TATION AND TEST PROCEDURE

Each mottol was instrumented on tho interior and exk-riot surfaces with S11-4 -s.Lrcri

gages to obtain an indication of Its behavior untler load. In goperal, Typw A-? gae -aqre

used to measure circum~ferential strains and Type A-B gages were used to measure It,11-itudiiaal
attai ns.



Except for Model EB-1 which had gages mounted on four generators of the cylinder,
*, gages wore installed along two generators, 180 dog apart, One generator was extensively

instrumented adjacent to the heavy end bulkheads and on the centerlines of bayS and frames
as shown schematically in Table 2. A few selected locations were repeated on the second
generator. Variations in the locations of gages from model to inodel are listed in Table 2.

The gage locations were selected to provide the following information:

1. Strain distributions in the end bays to check the strains calculated by tho theory

described in Reference 1,

2. Strain distributions in the first typical bays for comparison with those for a centrally

located typical bay, and

B. Strain distributions in a centrally located bay which is not influenced by the ends of

the model.

After each model had 1,ien instrumented, all external gages were suhject-d to a pres-

*sure of 1000 psi while the model was free flooded to determiro any :ensitivily of the gages
to pressure. It was assumed that the strain gage was satisfactory when the difference in the
strain measurements taken at no load and at 1000 psi was less than 50gin/in. Those gages

measuring strains in excess of 50p In/ in. were replaced.,
Each model was tested in the TMB 20-in. diameter, 3000-psi pressure trink. Inasmuch

as the volume of the model was small compared with that of tho tank, the voluthe of the tank

was reduced to minimize the energy released at failure and, hence, the damago to the models.
Volume was reduced by placing a heavy steel cylindor (Figure 4) on the bottom of the tank.

* Oil was used as the pressure medium.
Two loading runs wore conducted for each model in ai effort to minimi:t the nonlinearity

of strains ad thus ensure a more precise determination of strAni-oonsitlvity factors (the slopes
of pressure-strain plots). Pressure increments were measured ty r.ans of a 1000-psi Bourdol-
tube gage graduated In 5-psli increments. Strains were recorded with Buldwin rUain indicators.

Loading schedules are given in Table 3.

TEST R-SULTS

Experimental collapse pressures are listed in Table 4. Sin-e the yield rct qths of
*. the models varied, the collapse pressures of the different mlels cannot be compared diructly

with one another until the collapse pressures have been adjusi.-d to a co.rmt yielI strength.

The yield strength selected for this adjustment was the avcriagr of all the w',. ls. The
collapse pressures adjusted.to the average yield staoaigtof . ,.,.5 p. i ro Io listed In
Table 4.*

The mode of failure for each model was idcntifiod I..u.......,.itric yi,.hdin, evidenc .d
by corrugation of the sholl between stiffuners. In oeh motiol, i -.ormation ,..'ed very .hImvly[1.
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TABLE 2

Gage Locations for Heavily Instrumented Genertitor of klodelsi

ftStiof DistanCeS hemf NeatSt Rianet ul kheld to Ename Spitin

Positions E. B2 EB8-3 E B4 £8S 'E54 E8.711 8-1 LB [-10 E-1E81

3 0.13 0.13 0.21 0.23 O.14 0.34 Oil1 0.M3 0.14 0.14 0.13 0.13

2 0,10 0.50 0.50 0.50 0,50 0.50 0.S0 0.10 0.50 0.A0 0.501

30.31 0.31 0.31 0,31 0.31 0.31

4 0.13 0.13 0.13 0.13 0.12 0.12 0.13 0.12 0.12

ana 0 0 0 0 0 4 0 0 0a 0

1 0.35 0.13 0.13 __

1 0.32

I 0.10 0.S0 0.10 0.50 0.10 0.10 0.10 0.10 0.10 C.So 0.50 0.50

0.32

a.$ 0.0 to Ma 0.0 4.1 S. a

l1 U.50 . 0 .0 0.50 am 0.0 0 0 0.50 w.5 00

- t ~ 0. 055.0 .1

*A It*' tw Sm Sw A4AvM" ol91 L 441I4tt



TABLE 8 - Loading Schedules

Pressures at Which Strains Wore M, easuted, psi

Models EB-1 through EB-10 Mdodel EB-11 and 12

' Run I Run 2 Run I Run 2

100 300 200 300
.200 600 400 600 i
! 300 700 500 700

: 400 800 600 800f t 500 825* 0 850

600 850 900
0 875** 920.

925 t 940

950 tt _____ ___ __

*Applicable only for Model E13-6.I,, **Applicable only for Models E&-4 and EB-10.

tNot applicable for Models RB-3 and EB9.F' fftot applicable for Models E13-3,' 4, 6, 7, and 9.

TABLE 4 - Summary of Experimental and Theoretical Collapse Pressures

x "- Experimental Coliapse Pressure
Experimental Collapse Pressure, psi Averaged

Model _____ Experimental Theoretical Collapse PressureFailure Collapse .. .//

Corrected to Case Areas Pressure HvI, Criterion Plastic l: ;.:Actual 66,825 psi ,Lidbay Hinge , ,
y psi 1,1idpiane Theory i#f ,1,*..,v bst

EB-5 960 932 First 940 0.934 0.967 9'y'v e q,.I
EB-$ 950 948 typical
-:B. . 95....948. Bay

EB-3 921 935 First 936 0.931 0.963 'I '
E8-4 925 937 Typical

Day "
EB-7 955 929__ _ _ _ _

III 111 End Bay 933 0.928 0.960

EB-1 975 982
.2 jEB- 975 97 IV End Bay 979 0,973 1.008 go t,] ~ , .,E-2 975 976

EB4 950 951 Second 048.5 0.943 0.976 q91 9;t ' EB-tO~V Typical ,EBBay

EBl1 950 979 s .cond 9 0.978 1.013 9,7

ED-12 960 9V,9 a vi Typical
say

$ - 8



Primary Collapse Secondary Collapse Primary Collapse Secondary Collapse
Area Arcea Area Area

-

Fiue5- Identical Models EB-11 and -EB412 (Case VI) After Collapse

with practically no noise and extended about 90 deg around the model. Failure modes were
identical in form and in general location for identical models as shown, for example, in

Figure 5. Failures located in an end bay (Case IV), in a first typical bay (Case 1), and in a

second typical bay (Case V) are shown in Figure 6. Case V models had visible damage in the

first typical bays, but, like Case VI models, they failed initially in the second typical bay.

Strain-sensitivity factors in microinohes per inch per psi of pressure are given in

Tables 5 through T. The circumferential strain-sensitivity factors in Table 5 are averaged

values for the interior and exterior surfaces, and, in general, the factors have been averaged

for duplicate longitudinal locations (where strains were measured on two generators). Typical

pressure-strain curves from which those sensitivity factors were obtained &re shown in the

Appendix.

Primary Collapst, Argo
M! Typical Bay)

F~~~~ ~ ~ ~ .gr 4l4 D2 R0 .- 0AtrClas

0- .



TABLE 5

Experimental Circumferential Strain-Sonsitivity Factors

eeal Distance (.') Strain.sensitivity rtctots, , in/psi _ _

Location in Terms of Case IV Cast U1 Case I C0se IlU Case V Case Vt
Bay Length EB-I U[.-2 EB-3 E.9.4 LU-5 E F H-7 £8.8 E1-9 1B-10 EB-11 EB-1

0.13 03 1 -0 . -0 14 -o.07 - .33 -.0 ' -4 -0. 0.47
0.21 . v. ',, &r7 - J .r . , ' 1 , ", .17 -,4 I. ,  . .' .

Upper End 0.50 -. 2s - .. 10 ":O:53 -1 O, -0.6 1-1.70 -1.32 1.1L -1.1 - 1 -1.3%
Bay 0.69 - 1* 01 -1.3 , -1A - 1.b3 I- 1.4 :4.5? ' 3

0.78 - ~ -0.91 1:61q
0.87 I L.. .64 1.-8 -1.784 - 1 .: 4

First[,.Iq li - ? '

Frame 1.00 -1.75 -1.63 -1.24 -1.44 -1.75 .- 1.69 -1.SO -1. 3 -1.$9 1.C2 -1.63 -1.64

Flist Typical L32 , -'4i 15r.9t' ! " rP a*.' "
0.50 -2.14 -1.3 -2.0 -2.11 1-1.99 -2.00 -2.0 -1.95 -1.37 -1.9 -1.97
O0 1 -2.0

Second -,to -. A -01. -01
Frame 100 - 185 1.71 -1.76 -1.7$ -1.76 - 1.81 -1.72 -1.73

Bay 0.50 -2.11 -1.82 -1.99 -1.94 -1.92 -1.919 -1.98 -1.94

T~h -,' "' '; -.1,J- , "',;., . -. :" -;3. 40t ./.?Y

Firim 1.00 -1.77 -1.84 -1.73 -1.60 -1.78 -1.76 -1.55 -1.76 -1.72 -1.72

Bay 0.5 - 1.90 -. :198 - 1.. i.10 -1.98 -2.06 -1.93 -2.00 -2.00 -199

Fowrth 01~3*,9 -i
Friae 1.00 - 1.78 -1.68 -1.73

I%.r, . 1. JS.-;,F0

Bay 0.50 .8-1.98 -1.90

FiLth .,-y . l -.
Fram 1.00 -1.71 -1.)2 -1.M

Bay 0.50 ,.09 -2.07 -2.02 -2.05 -2.06 -2.I -2.01 -.1,9$ -. 06 -1.0 -1.08

Fiata 1.00 -1.80 -1.34 -1.30 -1.72 -1.71 -1.1 -1.81. -159 -163 -1.69 -1.57

Lowei End 0.50 ATI - 1.25 . 1. 1 S - 1.1 .20 J-13

By 0.86 -0.12 jo .0 6 0 -b -0.14

10
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TABLE 6

Experimental Longitudinal Strain-Sonsitivity Factors (Exterior Surface)
Strain-Sensitivity Factors, 1, in/psi

Gnrl Distance (alI,)Genera in Terms of Case IV Case U1 Case I Case III Case V Case VI
Location Bay Length ..

EB*I ED. - EB,3 EB.4 EB-5 EB-6 EB.7 EB-$ ED.9 EBl0 EB,11 ED-12

0.13 -1.64 +1.21 -,G. -0.39 - +0.50 *0.47 *0.61 0.50 +0,52 +0.45 +0.54
UeE0.21
UpperER4 0.50 -1.79 -2.33 -1.32 -1.73 -2.04 -2.63 -1.87 -1.68 -1,82 -2.04 -1.93

Bay 0.69 -0.99 -2.11 -2.49 -1.79 -1.94 -1.73 -1.84
0.78 -1.25
0.87 -1.83 -1.30 -1.51 -1.23 -1.34 -0.98 -0.71

First....
Fuame 1.00

0.13
First Typical 0.15

Bay 0.32
0.50 -1.35 -1.59-1.9-1.37 -1.37 t -1.65 -1.13 -1.26-1.33-1.37 -1.04
0.68

Namee 1.00

Bay 0.50 -1.24 -1.63 -1.09 -1.40 -. 06 -1.13 -1.34 -1.20

Third
Fit 1.00

4w

Bay 0.50 -1.08 -1.37 1'521 -1.28 -1.23 -1.40 -1.35 -1.08 -L25 -1.1, -1.211 -1.28+

Fourth

SiLII

1.0

Lower End 0.50 -|.67 -1.69 -1.GI -1.-51 -2.15 -?.04
Say 0791

0,06 q.037 0.,55 +0O,40 80.71 U1,



TABLE 7

Experimental Longitudinal Strain-Sensitivity Factors (Interior Surtace)

ia _ _ _Strain-Sensitivity Factors, g in/psi: " ~~~~Distance(/l). . .. ..

General in Terms of C'ase IV Case It Case I Case Iit Case V Case V
Location Bay Length . .. tE T<ED-] EB-2 EB.3 EB.4 EB-5 EB-6 EB- [0.-, ES .9 EB-1O EB-. EB-12

0.13 -2.55 -3.97 -3.54 -2.23 -2.80 -4.57 -4.10 -2.26 -1.70 - 1.SS -- Jij -:45
0.21

Upper End 0.50 +0.16 -0.25 -1.0 -0.15 -0.66 -0.42 -0.03 -0.04 -0.06 0.0S 0.19
- 0.011 -0.08 7

Bay 0.69 +0.25 -0.15 1

0.78. 1 -1.11
0.87 +0.24 -0.85 -0.31 -0.63 -0.57 -3.73 -0.46 -0.601

First
Frame 1.00 -1.30 -1.21 -1.15 -0.71 -1.25 -1.33 -1.53 -1.16 -1.37 -1.28 -1.58

0.13 -0.28 -1.22
0.15 -0.57

First Typical 0.32 -0,23iB a y 0 ... 0 2
Bay 0.50 -0.20 -0.37 -0.16 +0.33 -0.23 -0.26 -0.41 -0.21 -0.10 -0,15 -0.21 -0.20

0.68 -0.46

Second
Frame 1.00 -1.56 -2.13 -1.25 -1.94 -1.67 -1.13 -1.72 -1.71

Bay 0.50 -0.35 -0.60 -0.31 -0.47 -0.25 -0,35 -0.38 -0.36

Third
Frame 1.00 - 1:45 -2.05 -1.30. - 1.83 -1.61 - 1.03 -1.75 -1.76 -1.71

Bay 0.50 -0.30 -0.37 -0.47 -0.32 -0.28 -0.36 -0.35 -0.24 -0.31 -0.36 -0.34 -0.32

Fourth
Frame 1.00 -1.80 -1.78 -1.74

Bay 0.50 -0.33 -0.35 -0.37

Filth
Frame 1,00 - 1.10 - 1.63 - 31

Bay 0.50 -0.05 +0.16 40.30 *0.10 -0.02 -0.06 -0.05 -0.10 -0.13 -0.23 -0.24

Sixth
Frle 1.00 -1.00 -1.05 -1.25 -1.36 -1.02 -1.05 -O0 -1.4 -1 ,.46 -r3,,i .58

Lower Fnd 0.50 -0.11 .0.45 i0.19 -0.23 0.13 . 0.11

0.12.093
O.Bay -2.43 -3.62 -2.50 -2,87 VIC

12



SCOMPARISON OF EXPERIMENT WITH THEORY'

Experimental collapse pressures are compared with theoretical pressures in Table 4.

* • Criteria for shell yield considered most applicable for this failure mode are the Ilencky-Von

Mises criterion5 for a midplane point at midbay and the plastic-hinge theory. 6 For the

geometry investigated, the first theory gave a pressure of 1000 psi and the plastic-hinge theory

gave a value of 972 psi. Ratios of experimental pressures corrected for the average yield

strength (66,825 psi) to these theoretical pressures are given in Table 4.

Of all the models tested, those of Case N1I collapsed at. pressures agreeing best with
pressure computed by the flencky-Von Mises membrane-stress method (within 2% percent).

The experimental pressures for Case VI models were also in close agreement with the pres-

sures computed by the plastic hinge theory (within 1 % percent). Although the experimental

collapse pressures of Case IV agreed well with pressures computed by the plastic hinge

methods, the design procedure for this case is less rigorous than that for the Case VI models.

Therefore, the Case VI procedure is recommended.

Strains measured for Case VI models are compared in Figure 7 with strains determined

by the theory of Reference 1. Two theoretical curves are shown: one- for the elastic strain
sensitivities before yielding occurs at the bulkheads (obtained for a pressure equal to 200 psi),

and the other for strain sensitivities after yielding at the bulkheads and near collapse pressure

* (obtained for a pressure equal to 920 psi). The experimental strains shown are averaged vaiues

for Models E13-11 and EB-12.

* Experimental circumferential strains in the end bays are higher than theoretical strains

in the elastic range and lower in thq yield range as shown in Figures 7a and 7b. Nevertheless,

agreement between theory and experiment is good. Comparison of longitudinal strains on the

exterior surface (Figure To) indicates that experimental strains in the ond bays are slightly

less than the theoretical strains in the elastic range, but they are larger than calculated strains

in the yield range. In Figure Td, the experimental longitudinal strains on the interior shell

surface appear to be generally lower than calculated strains. However, in general for Fig-

ures Ta through Td the plotted experimental points agree well with the curve of theoretical

strain along the length of thi models.

DISCUSSION OF RESULTS

Test results obtained from this series of models were consistent. The maximum

difference between collapse pressures for identical pairs of models was I percent; the overall

change in model strength imposed by the varyigiI end condition. was on the order of 5 percent.

Also, for all modols, the mode of failure was identical as was the bay of ftdlure for identical

models; hence, the mode of' failure was clearly established for ech cast. Models tested for
* the first three cases, where all frames were of equal aro nnl the ond-hziy Inngt4hs variod,woro

* about 5 percent weaker than Case V1 models. Increasing, tho iemio of the end frames tolgther

13 -



Figure 7 - Comparison of Theoretical Strain Distribution with Experimental Straia
V Distribution fr Models in Case VI
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• Figure 8 - Deflection Pattern for Case VI (Models ElR-11 and 12)

Swith selecting endbay spacing based on theoreti,,I nonsiderations for the remaining Cases
• " (IV, V, VI) resulted in increase-d collapse preSS,-M,..

The good agreement between the collapse pressures for the models eof Case VI and the

theoretical pressures can be attributed to having designed the models to conform with the

assumptions of the optimum design procedures of Reference 1. (For Case VI, the beam-column

effect is taken into account and the Tiencky-Von Miss criterion of yielding is assumed at the

bulkheads.) Case VI models and Case IV models were stronger (by 3. 7 and B. 2 percent, respeo-

tively), than Case V modals. (For Case V, the bam-column effect is also considred, but the

maximum stress criterion is assumed at the bulkheads. For Case IV the beamcolumn effect

is neglected and only the maximum stress criterion is considered.)

' a

~Experimental strain sensitivities toe" Models Ell-11 and EB-12 foe. both the elastic range

and just prior to collapse are shown in Figure T. They agree favorably with the theoretical

curves compuited using the end-bay theory.1 Discrepancies between the assumed properties

(Poisson's ratio and modulus of elasticity) and those actually exis4ting in. the material of the

models are probably partly responsible for the differnce between theory nd experiment in the

typical bays.

• Figure 8 indicates for the optimum end-bay design (Case VI) how the detlectins at the

' • ends of tln model compare with those at the middle of the contrarily located bay which is least '

~0.E __ -___

C 9401s



disturbed by the ends of the model. It should be noted that prior to yielding at the bulkhead

, at 300 psi Frames 2 and 3 deflected about the same whereas after yielding at the bulkhead

at 940 psi Frame 3 has deflected more than Frame 2. Also, it should be noted that at the

pressure (940 psi) approaching the collapse pressure, Frames 2 and 3 deflected less than at

300 psi as did the shell between Frames 1 and 2 and Frames 2 and 3. At the higher pressure

the deflections in none of the bays exceeded that of the central bay. It will also be noticed

that deflections of Frames 1 and 2 which are quite different in the elastic range tend to

equalize at the higher pressure where plastic action occurs at the bulkhead as assumed in

the theory.,.

CONCLUSIONS

Test results lead to the following conclusions:

1. The theory for optimum end-bay design is confirmed experimentally in Case VI. For

the geometries tested, the end bay determined by the optimum design procedure is 5 percent

stronger than an end bay arbitrarily selected as two-thirds of a typical bay.

2. The strains at the ends of a cylinder can be determined accurately by the end-bay

theory. The tests'of the optimum design confirm the theoretical results which indicate that

* the deflections of the first and second frames are different in the elastic range but tend to

become equal after yielding occurs at the bulkheads.

3, Where the end-bay design is optimum, failure can occur in bays other than the end bay

or first typical bay.

4. The collapse pressure for models with ends of optimum design is closely predicted

with the plastic hinge theory.

RECOMMENDATIONS

It is recommended that theoretical work bo continued to develop an end-bay design

procedure In which the length of the end bay is varied with the shell thickness of this bay

rather than with the size of the first frame.
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